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1. INTRODUCTION {#dom12876-sec-0001}
===============

Sodium glucose co‐transporter 2 (SGLT2) inhibitors are a novel class of drugs for the treatment of hyperglycaemia in adults with type 2 diabetes mellitus (T2DM).[1](#dom12876-bib-0001){ref-type="ref"} SGLT2 is responsible for glucose reabsorption in the proximal tubule of the kidney.[1](#dom12876-bib-0001){ref-type="ref"} SGLT2 inhibition lowers the renal threshold for glucose in patients with T2DM, thereby increasing urinary glucose excretion, resulting in lowered blood glucose, a mild osmotic diuresis and a net caloric loss.[1](#dom12876-bib-0001){ref-type="ref"} In clinical studies, acute, reversible declines in estimated glomerular filtration rate (eGFR) with commensurate increases in serum creatinine have been observed with SGLT2 inhibitors, consistent with the haemodynamic effect of these agents.[2](#dom12876-bib-0002){ref-type="ref"} Antihypertensive agents that target the renin‐angiotensin‐aldosterone system (RAAS; ie, angiotensin‐converting enzyme \[ACE\] inhibitors and angiotensin II receptor blockers) are also associated with acute, reversible declines in renal function in patients with T2DM early in treatment, as measured by decreased eGFR and increased serum creatinine; these changes are the result of reduced intraglomerular pressure via the haemodynamic effect of RAAS inhibition.[3](#dom12876-bib-0003){ref-type="ref"} Treatment with these agents, however, is also associated with reduced proteinuria and reduced risk of end‐stage renal disease.[3](#dom12876-bib-0003){ref-type="ref"}

The US Food and Drug Administration (FDA) recently revised the labels of the SGLT2 inhibitors, canagliflozin, dapagliflozin and empagliflozin to strengthen existing renal safety warnings by including information on an increased risk of acute kidney injury and recommendations to minimize this risk.[4](#dom12876-bib-0004){ref-type="ref"}, [5](#dom12876-bib-0005){ref-type="ref"} Based on data from the FDA Adverse Event Reporting System (FAERS) from March 29, 2013 to October 19, 2015, 101 cases of acute kidney injury were reported in 73 and 28 patients treated with canagliflozin and dapagliflozin, respectively.[4](#dom12876-bib-0004){ref-type="ref"} Among the 101 cases, 51 reported concomitant ACE inhibitor use, 26 reported concomitant diuretic use, and 6 reported concomitant non‐steroidal anti‐inflammatory use. In 45 of the 101 cases, a change in serum creatinine or eGFR was reported at the time of diagnosis; in 58 cases, the onset of acute kidney injury occurred within 1 month of drug initiation. Of the 101 cases, 78 resulted in drug discontinuation; of these, 56 patients reported improvement after discontinuation, 11 patients did not recover, 4 patients died, and 3 patients recovered with sequelae upon discontinuation. Warnings for acute kidney injury based on postmarketing reports also appear in the labels for other antihyperglycaemic agents, including the dipeptidyl peptidase‐4 inhibitor sitagliptin[6](#dom12876-bib-0006){ref-type="ref"} and the glucagon‐like peptide‐1 receptor agonist exenatide.[7](#dom12876-bib-0007){ref-type="ref"}

To better describe this risk, the present brief report shows an analysis of renal‐related adverse events (AEs) with canagliflozin in patients with T2DM from clinical trials and FAERS postmarketing data with SGLT2 inhibitors marketed in the USA.

2. METHODS {#dom12876-sec-0002}
==========

Renal‐related AEs in the canagliflozin clinical development programme were identified based on a predefined list of preferred terms (Table S1, Supporting Information). "Acute kidney injury" was not a preferred term in the *Medical Dictionary for Regulatory Activities* (*MedDRA*) until version 18.0, which was released in 2015. Analyses for the present manuscript were performed based on earlier versions of *MedDRA*; however, investigator‐reported AEs of acute kidney injury would probably have been captured with other dictionary terms (eg, blood creatinine increased, GFR decreased, renal failure acute).

The incidence of renal‐related AEs was assessed in a pooled population that included data from patients with T2DM (N = 5598) enrolled in 7 placebo‐ and active‐controlled studies who were randomized to receive canagliflozin 100 or 300 mg or non‐canagliflozin (ie, placebo, sitagliptin or glimepiride) once daily as monotherapy or in combination with various background antihyperglycaemic agents for up to 104 weeks (Table S2, Supporting Information).[8](#dom12876-bib-0008){ref-type="ref"} Data from the ongoing CANagliflozin cardioVascular Assessment Study (CANVAS) in patients with a history/risk of cardiovascular disease and the study in patients with chronic kidney disease were not included in this analysis.[8](#dom12876-bib-0008){ref-type="ref"} While also included in the pooled analysis above, additional analyses of renal‐related AEs were performed on data from a randomized, double‐blind, active‐controlled, 104‐week study of canagliflozin 100 and 300 mg vs glimepiride as add‐on to metformin in patients with T2DM (N = 1450),[9](#dom12876-bib-0009){ref-type="ref"} including the time to first renal‐related AE and the incidence of renal‐related AEs over time.

Postmarketing reports of acute kidney injury with canagliflozin, dapagliflozin and empagliflozin were obtained from FAERS in April 2016 and included all reports up to December 2015. Associations between drugs and events were analysed through an established signal detection algorithm accounting for sample variability. The empirical Bayes geometric mean (EBGM) score (ie, sample size -- adjusted ratio of the observed and expected number of AEs) and the corresponding 90% confidence interval (ie, EB05‐EB95) were calculated based on this model. Associations that met all of the following criteria were considered disproportionally reported: n ≥ 3, EBGM ≥ 2, and EB05 \> 1.[10](#dom12876-bib-0010){ref-type="ref"}, [11](#dom12876-bib-0011){ref-type="ref"}

2.1. Ethics approval and consent to participate {#dom12876-sec-0003}
-----------------------------------------------

All studies included in this analysis were conducted in accordance with the ethical principles that comply with the Declaration of Helsinki and are consistent with good clinical practices and applicable regulatory requirements. Study protocols and amendments were approved by institutional review boards/ethics committees at the participating institutions. All patients provided written informed consent prior to participation.

3. RESULTS {#dom12876-sec-0004}
==========

3.1. Clinical trial data {#dom12876-sec-0005}
------------------------

In the pooled population, the incidence of renal‐related AEs was low and similar among groups (2.6%, 2.8% and 2.8% with canagliflozin 100 and 300 mg and non‐canagliflozin, respectively). The most common reported terms were blood creatinine level increased, GFR decreased, and renal impairment. Few patients had serious renal‐related AEs with canagliflozin 100 and 300 mg and non‐canagliflozin (3 \[0.2%\], 1 \[\<0.1%\] and 2 \[\<0.1%\] patients, respectively).

In the 104‐week study vs glimepiride, decreases in eGFR were observed at week 4 of canagliflozin treatment that attenuated over time; eGFR declined progressively with glimepiride (Figure [1](#dom12876-fig-0001){ref-type="fig"}A).[9](#dom12876-bib-0009){ref-type="ref"} The proportions of patients with any post‐baseline eGFR value \<80 mL/min/1.73 m^2^ and a decrease of \>30% were 6.6%, 8.5% and 8.7% with canagliflozin 100 and 300 mg and glimepiride, respectively; 0.8%, 1.3% and 0.4% of patients, respectively, had a post‐baseline eGFR decrease \>50%. Among patients with an eGFR decrease \>50% from baseline with either canagliflozin or glimepiride, nearly all had eGFR changes that returned toward baseline values while study drug continued or after study discontinuation. Over the entire 104‐week study, the incidence of renal‐related AEs was low and similar with canagliflozin 100 and 300 mg vs glimepiride (3.1% \[15/483\], 3.3% \[16/485\] and 3.3% \[16/482\], respectively)[9](#dom12876-bib-0009){ref-type="ref"}; however, within the first 6 months of the study, a numerically higher percentage of patients on canagliflozin 100 and 300 mg experienced a renal‐related AE (primarily blood creatinine increased and GFR decreased) compared with glimepiride (0.6% \[3/483\], 0.8% \[4/485\] and 0.2% \[1/482\], respectively; Figure [1](#dom12876-fig-0001){ref-type="fig"}B). Among patients with renal‐related AEs in the first 6 months of treatment, the onset of events occurred earlier with canagliflozin than glimepiride. The mean (median; range) time to onset of the first renal‐related AE was 42.7 (30.0; 27.0‐71.0) and 43.5 (29.5; 29.0‐86.0) days with canagliflozin 100 and 300 mg, respectively; 1 patient in the glimepiride group had a renal‐related AE in the first 6 months, on day 85. The relatively early onset of renal‐related AEs with canagliflozin corresponds to the early decrease in eGFR observed with canagliflozin in Figure [1](#dom12876-fig-0001){ref-type="fig"}A. Few patients discontinued as a result of renal‐related AEs over 104 weeks: 1 patient with canagliflozin 100 mg (blood creatinine increased), 7 patients with canagliflozin 300 mg (n = 1, blood creatinine increased; n = 4, GFR decreased; n = 2, renal failure) and 1 patient with glimepiride (GFR decreased).

![Time course of A, changes in eGFR and B, incidence of renal‐related AEs with canagliflozin and glimepiride over 104 weeks. GLIM, glimepiride; CANA, canagliflozin; s.e., standard error. Panel A reprinted from American Diabetes Association, Diabetes Care *,* Copyright © 2015. Copyright and all rights reserved. Material from this publication has been used with the permission of the American Diabetes Association.](DOM-19-897-g001){#dom12876-fig-0001}

3.2. Postmarketing data {#dom12876-sec-0006}
-----------------------

Analysis of FAERS reports up to the end of 2015 identified 125 cases of acute kidney injury with canagliflozin, 50 with dapagliflozin and 15 with empagliflozin. There were 3 cases with canagliflozin plus metformin, 6 with dapagliflozin plus metformin extended release and 2 with empagliflozin plus linagliptin. The EBGM (EB05‐EB95) was 2.8 (2.4‐3.3), 2.3 (1.8‐2.8) and 2.5 (1.6‐3.8) with canagliflozin, dapagliflozin and empagliflozin, respectively (Table [1](#dom12876-tbl-0001){ref-type="table-wrap"}). As n \> 3, EBGM ≥ 2 and EB05 \> 1, a potential signal for acute kidney injury was detected with all 3 SGLT2 inhibitors, as well as dapagliflozin plus metformin extended release.

###### 

Summary of postmarketing reports of acute kidney injury for SGLT2 inhibitors up to December 2015

  **Drug name**                                                              **Reports, n**   **EBGM (EB05‐EB95)**
  -------------------------------------------------------------------------- ---------------- ----------------------
  Monotherapy                                                                                 
  Canagliflozin[^1^](#dom12876-note-0004){ref-type="fn"}                     125              2.8 (2.4‐3.3)
  Dapagliflozin[^1^](#dom12876-note-0004){ref-type="fn"}                     50               2.3 (1.8‐2.8)
  Empagliflozin[^1^](#dom12876-note-0004){ref-type="fn"}                     15               2.5 (1.6‐3.8)
  Combination therapy                                                                         
  Canagliflozin plus metformin                                               3                1.5 (0.6‐3.4)
  Dapagliflozin plus metformin XR[^1^](#dom12876-note-0004){ref-type="fn"}   6                3.9 (2.0‐7.4)
  Empagliflozin plus linagliptin                                             2                1.3 (0.4‐3.2)

Abbreviation: XR, extended release.

Disproportionately reported: n ≥ 3, EBGM ≥ 2, and EB05 \> 1.

4. DISCUSSION {#dom12876-sec-0007}
=============

The recent FDA revision to the labels for the SGLT2 inhibitors canagliflozin, dapagliflozin and empagliflozin suggests an increased risk of acute kidney injury with these therapies based on spontaneous postmarketing reporting to the FDA.[4](#dom12876-bib-0004){ref-type="ref"}, [5](#dom12876-bib-0005){ref-type="ref"} The present assessment of postmarketing safety reports from FAERS suggests a potential signal for acute kidney injury with all approved SGLT2 inhibitors. While informative to identify potential safety signals in a broader patient population than in clinical trials, analyses of postmarketing reports are limited because of the lack of complete information surrounding these events, such as potential contributing factors, overall drug exposure and concomitant medication use. Additional limitations include potential underreporting and lack of information regarding the number of patients taking the drug. The greater number of postmarketing reports of acute kidney injury with canagliflozin compared with the other agents in this class may reflect the greater length of time that canagliflozin has been on the market.

The incidence of renal‐related AEs in the pooling of 7 studies from the canagliflozin clinical development programme was low and similar with canagliflozin and non‐canagliflozin, with the incidence of these AEs consistent with canagliflozin over 2 years. Renal‐related AEs occurred earlier after treatment initiation with canagliflozin compared with glimepiride. These results are consistent with an analysis of renal‐related AEs with canagliflozin in a pooled population from four 26‐week, placebo‐controlled studies[12](#dom12876-bib-0012){ref-type="ref"} and with results from the EMPA‐REG OUTCOME study of the SGLT2 inhibitor in patients with T2DM and established cardiovascular disease, where an increased incidence of acute kidney injury was observed with empagliflozin compared with placebo in the first 90 days of treatment, but the incidence was lower with empagliflozin vs placebo over the duration of the study.[13](#dom12876-bib-0013){ref-type="ref"} The early onset of renal‐related AEs with canagliflozin in clinical trials and AEs of acute kidney injury reported to the FDA[4](#dom12876-bib-0004){ref-type="ref"} probably reflect the acute initial changes in eGFR as a result of renal haemodynamic effects with canagliflozin and other SGLT2 inhibitors.[2](#dom12876-bib-0002){ref-type="ref"} This decline in eGFR is reversible, as eGFR values return to baseline after discontinuation of canagliflozin, suggesting no permanent renal damage.[14](#dom12876-bib-0014){ref-type="ref"} Additionally, there are no preclinical and clinical data indicating permanent renal damage or toxicity.[2](#dom12876-bib-0002){ref-type="ref"} This profile is consistent with the renal effects of RAAS inhibitors, which are associated with acute changes in renal function, with drug initiation and renoprotective effects over longer treatment duration.[15](#dom12876-bib-0015){ref-type="ref"} It has been hypothesized that the haemodynamic effects with SGLT2 inhibition may attenuate glomerular hyperfiltration and albuminuria, providing a similar renoprotective effect for patients with T2DM.[1](#dom12876-bib-0001){ref-type="ref"}, [14](#dom12876-bib-0014){ref-type="ref"} In a *post hoc* analysis of renal outcomes in the EMPA‐REG OUTCOME trial, empagliflozin was associated with a slower progression of kidney disease and lower rates of clinically relevant renal events compared with placebo in patients with T2DM and established cardiovascular disease.[16](#dom12876-bib-0016){ref-type="ref"} Consistently, in a *post hoc* analysis of the 104‐week add‐on to metformin vs glimepiride study, canagliflozin was associated with a lower rate of eGFR decline vs glimepiride, further suggesting that canagliflozin may slow the progression of kidney function decline in patients with T2DM.[17](#dom12876-bib-0017){ref-type="ref"} Evaluating patients' volume status before initiating SGLT2 inhibitors and maintaining adequate fluid intake during treatment may minimize the risk of acute kidney injury.

Further research is needed to better understand the incidence of acute kidney injury with SGLT2 inhibitors and the overall renal safety and potential benefits of these agents. The ongoing, prospective, dedicated renal outcome studies Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE; [ClinicalTrials.gov](http://www.ClinicalTrials.gov) Identifier: NCT02065791) and CANagliflozin cardioVascular Assessment Study ‐ renal outcomes (CANVAS‐R; NCT01989754) will provide definitive evidence on the renal safety and renoprotective effects of canagliflozin in patients with T2DM and chronic kidney disease or a history/risk of cardiovascular disease, respectively.
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**Table S1.** Preferred terms used in the analysis of selected renal‐related AEs.

**Table S2.** Study design and patient population.
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Click here for additional data file.
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